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(54) SILICON SEMICONDUCTOR SUBSTRATE AND 
ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent vacancy defects 
from being caused by adding nitrogen and thereby to 
produce a heat-treated substrate having a high quality 
surface layer of denuded zone(DZ) in the production of a 
silicon single crystal substrate by a Czochralski method. 

SOLUTION: In this production, nitrogen is added at the 
time of producing a silicon single crystal by a 
Czochralski method and the produced silicon single 



crystal contg. 1x1013 to 1x1016 atoms/cm3 nitrogen is 
subjected to heat treatment to produce a semiconductor 
substrate in which the density of crystal defects each 
having a s 0.1 ^m size (expressed in terms of the 
diameter), in the region ranging from the surface of the 
substrate to a 1 depth, is ^104 ((number of 
defects)/cm3). Thus, the objective substrate having an 
almost defectless surface layer of denuded zone(DZ) can 
be produced and a wafer that enable a high 
manufacturing yield of a device, can be provided. 
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ess] immi.. ^afv^xif-mcjiZis')^ 

MHaB»KffiR«r8SAnO. 1 x 1 0 1J a t o m 

s/cm' JULhl x l o ls a t oms/ci'tlTM 

<im*-C©«a««:*J«,>r. MUSsgfCO. 1 nmfcLh© 
ISHXP§©ajKrt* 1 0 ' my cm' efFr*S*3Wttl 
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1 

C1$i*il!*©36ffl] 

S 1 Mm*r<D^«cfel,^-C> rifeiro. 1 «my 
_k©l*Ji;*:l«©8?&#' 1 0 4 ffl/cm 3 «Tt*5Ci 

CfS3f<^2 ] ?>■; n>¥^ffcg&©Ji^ few s 
gJ^WSri 1 ! x l 0 ,J a t oms/coi 1 Ji(± 1 x l 
0 16 a t o m s /c m 1 tTF-C&Ssit;fcri 1 icSS©^ y 10 

C ti*^ 3 ] f> y s«**sofflRd w*** i x 

lO'-atoms/cm 1 ttTT*D. #>ofag*£c££ 

®SO 2 fl&«±©«-9«aE**"r SBRflWf «c J: £ ^b»tt§ 

C 4 ] i"Ja >^ag&*&©Jl#. itMMC *> £ 
S3S5#Wfi# 1X10" 'atoms/cm 3 «± 1 x l 
0 16 a t oms/cm 1 iH,rv$>0, fr-o&MWP*— 

®>*m? z>nmm 1 sesit©-> y 3 >¥g#««. 

— ffiCC «fc 9 WfiS U fcU y 3 >¥*SA* 6 W tcis 

*stt SfiS&IJ-e 0 . 1 m m&±©*gi&*Pii©ffiffigas 
Hi/cm 1 «Tr*,0. *-5lg»8SS 0. 1 
n mtcteW ^.it^^-C 0 . 1 fi miH±<omSiXm<0^ 
S?BS*JS«^*cfi,C,{cJt^ 1 %OTT'* 0 . $f>KS 30 
^#t£,frcc:teW.£,gJ^W:ttrt* 1 x l o 13 a t o m s 
/cm 1 fcLtl X10 1 ' atoms/cm 3 JJITT** 

c t i r * *> y 3 >¥>gi*«ig. 

[19^6] lxiCatoms/cm' Hll. 
5xiO"atoms/cDi ! fcn r ©£3R*^ : rr£i' 

y 3 >i me« m \.*x9- a gxttfiBtgEPto * 

tcis y a >¥>gi*»ffi£. iooo -c«± 1 3 0 0 -c&. 
T<Dm&-ci mM&.±MS&m* set 1 ? & >j 

3 > ^{*S«©$Sjg;£i£. 40 

_kiia£V (mm/m in), ^ y 3 >©«u£> 1 3 

o o •c*r©iaassH(c*jws?i±ai*iS]©* 4 3Srtas 

£JiE©¥«J1i8£G CC/mm) <fTS<t^. V/G^ 
0. 2 (mm' /•Cmin)4IStSSfttfM5 
!S5J?JS6 ic&© y n >¥^#2«©S?ii:fri£. 

JS6 7 tass©^ y 3 >*^<*s«©Mit* 

50 
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2 

[IS*IM9] g»g£0. 0 1 v o 1 %a± 1 0 0 v o 

S1£3IBS*0. Bumttil. 0 y mtTFW^T. S 
SSMSrtSiffi <tTS ISaJ?J» 6 X (ifg^JI 7 ie«2© -> 'J 3 

[^©IfcifflfrtftBjn 
[0001] 

s. 

[0002] 

[ae*©fiaB ] ^ y 3 >¥^i*g«£ffli,>-c w*^- 

>^©ss^*so*jg!{t-rsci*%i6n-ri^. a 
^. c©^^x«jfp^*?i*ec-resi>«i<!:b 

"C. COP (Crystal Originated 
Particle) tWZtiZXf&M&.g2tiX\,>2>. 

chit ^y 3>^fts«%r>*-T-ias?{bkm 

sb> ZKDJzSlcmXH-C^Z. COPit*<:©«fc^/d:iiJ 

^a*?;^*- (cz) Sfeb<«K*i^En*nLfcc 
zs«:«t«3WfiEsnfc'>y 3>^jgj|-c«. c©^Rg© 

*1^«iteS+©Affil^«l©SKS (KIT. 2?LMBi» 
f) i^6hTfe»3, C^jlif^W^CDMWfeK® 
4?l*iBC"r<b«3esti-Cl»S. CCJr^^c^/NVX^ 
J5SCC C O P «: 4 1 » ttiB« 3 * 4 ttW i L 

[00 0 3] COP*ffl«S-tt*a«fiC/-C» #fe H 1W 
^©^©^BlfiXSilg^O. 8 mm/m i nJ^Ti-T-S 
C<b*i»lP>tl-Ct^ (^l«^2 -267 1 9 5^ 
«H) . ens*. ^?L^Ri*^SSJRr»5^?LS.^HS 

(vacancy) ©ISHfiSSWS-CW^AS^i^S 

j; 0 . &mtyK2&-rzi&tmtj:miM&x.f& (vac 

ancy)©S4Si(p«^<!)^. 

C©*a-C«. RKg3lS©lSTK.i:l,^gtt©ffiT ; &ffi 

< t i 6 K . fe<4;u -7l©C0Pc ttmm<D&ikXM 

[00 04] COP«£4*PHT4S8fi£l/TW:. 

sc^p^nr©*]®, mcMtmntfiim 1200 -c*^ 1 
0 0 ov<DM&mmzmm?z&m<Dfflffl#mith-i:ibz> 

CttftahftXl,** (^^8 - 1 2 49 3 #£$8. 
B3¥8-9 1 9 8 3n^n. ^¥9-2 2 7 28 9# 
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3 

op»«©<B«TiRtt«*a i o 1 i/cm ! a«r* 

C 0 0 0 5 ] ttc, CO P<B»a«i l/Tl&aWlS«9«C 

*sn*?£*p-rsiist8 5 o'c- 1 i o o °c(Dummm-c<z> 

»*rWJ5STSIRSBR«B» s 1 x 1 O'Vcm'tftJi/ 

ij 3 xttsafciftsi/ . -e©&-> >; 3 * Oceania 
iooo •cjeuboait-c 1 mrm±^M-r s&mtm 10 

?>ntV* (#PU¥1 0-9 8 0 4 7^2;S) . Ch 
St^(Ci/7 h3 recite J: D ^ffiS<DKOC^R|^?S 

x&'p<D%imt®mi&g.#<s^&t:mmt 3 tir *so . 

faf ^>l/**-8rC5iffli3*lS7~-l ox 1 0 ,7 /c 
SffitfiCDSBftiftffiiiSst)* C t tc «fc 0 SS^ftS? 

-c<Dgmm \mo§&.*mm i>tcf v $><)> i^©tf# 

£COP©ffi*i©ISibW*tA». 20 
[0006] *fc. VtSAWJi&ISOC OPiSjSatBfii?!- 

©ffi^r-r-S CiiCfcO, a©*®©c O P • asaa 
Stt-5SPI5«>»ie>n-Ct»S. M*.\t x ^¥3 - 2 3 3 
9 3 6#&$HCttt, 800-1250 "C-C 10 B$H|jyT 

**i*5iifeK:. Sfi3l®rt>*>#E3 1 *im©«iffif*3© 30 
COP3SB£10 3 ffl/cm 3 tTFi "fS C 4 IJBS"C 
£>S. */c, #g3BS5 9-2 0 2 64^<a#fi(C(i. 7k^ 

t*. Tk&mm^m^zz taiocop4 

^PO^ffi^eO. 5 wm«rt©COP35g£ 
1 0 4 i/cm 1 «T<fr-5Ci^r^-2.*i. «ffi*»6- 
S6«C^^SP^©COPSS* 1 0' <l/cm J fclTi 
f & C 4 «-C * r . 7=^'-f *fB0K>B jg* 6 BftKKIB 
<D^^3(c^-C*)5. C©73&T»:. *5R4 

C 0 0 0 7 ] •> 3>©**ssfi£S©ns{cg*?:asjjnf 

•&C£CC-3C>-C, »Jimffi«C|«t/r«1»BBB8 0-2 5 
1 1 9 O^2^#*06;h-Cl,>&. 

> <fz) m&ikicteiizwmmimmtLx, mmm 
57-1749 7#^«i?«:»iga5fes©*tai^. rasa 
¥8 - 9 1 9 9 3 n^mamtKm<D^.itin 
**M^S*TCi>i. 36«c v aaa^uan+KfiMaE-rs 

Jf^Ccti. ^^ftn-rSCitCfcOCOP^RSAi/hS 
<ft.2>C4#D. Gr a f Sf(Cj:-,r$B^3*i-Ct,^ 50 



15^2 0 0 0 - 2 6 1 9 6 
4 

(The Electrochemical Soci 
ety Proceeding Vol. 96-13. 

ppl 1 7, 1 9 9 6 ) *J. C©^*-XA«COI,» 
r». F Z«§g*»©£?Lai*Wi (vacancy) fcflP 

Mrs©i[ifil*^*-XA*ic z*£ii©t&£-«:4>«& 

[0008] 
[0009] 

>¥zg#S«© 7 s /"? -f XfBSMWC IBIH 4 % * * 3 © 
fcB*«ta3fc£«Cfll»-C* * C 4 £Httl 0 . *»W«:5B 
(£<***•;*£*>©■?*£>. 

[0010] BP^, ^HJ«. ^3^^;u^+- (C 

z ) &x«is«epddc zmia o Wfixufci/ u n >mm 

«*Hlf3&»6»S 1 w m * "C i, >T. iftSIMrr 
0. 1 ymfei±©ifeS^R6©SS*U 0 1 [i/cm 3 fet 

WS^^W»*51 x l o 1J a t oms/cm J feLhl 
xiO"at oms/cm 3 i^T-C4>S^"; =J >*^* 

©^3f^rS# lxi0 15 atoms/cm 3 «T. 
CC1X10 13 atoms/cm 3 JiLh 1 xiO"ato 
ms/cm 3 JilT-C^O. *>oKS®*%-iX-f *>ft 

[oo i i ] tit. czax«i8iiEn?jacz 
ffi(c«t o w^b /c-> a ymz&fr timet/ v 3 >^ 

WIT 0 . 1 u ralU±VttaX.K<mmg&fi li/cm 

ses^^-co. '1 nmiu±<Dm&X!&<D#m®m.&m 

&Mfrip,C>tcib<-<. 1 %«T-C* 15 . 3 hicmWS.^^ 
ecfcWSMSR^Wfi** lxiO ,3 atoms/cm 3 Jil 
±1X10 " atoms/cm 3 tlTr*^CiS:1#Sa 

tc^*n^ -&©<!: or \x£iLxm. wtmnmsn, mmx 



5 

[0012] itc. #2PJ«. ixlCatoms/ 
cm 1 5 X 1 O 1 ' a t o m s /c m J &.~F<D£L 

C Z S (C «fc 0 W /& L fc 'J 3 > JglSft*' 6 f# tc f 3 > 
1000 -cw± l 3 O O *Ct<T©Mr 
1 B#lffl« ±m&mir 2ci tt5i/'J3^ 

Xteffii£EPJniCZ£Ki9W'&T£|i£fC. 3l±j£g£V 
(mm/min). ^ "J 3>©Bfc*>6 1 3 0 0 'C£T- 

©sgi©H«c*sw *3 liw^isioisartaflf^iB©^^ 

l!£G CC/mm) V/G^O. 2 (mm 

' /'Cm i n) %m%,?2>3&--e^l8.?Z>ZttiWlZL 

fmm?z>ct. &l<{j. ^^o. oivoi%« 

±1 0 0 v o 1 %«T4Mt5^#i»*TKMI 
L/fcSa«affi*0. 5#ntU:l. 0 ixmJ&lTWSL 

CO 0 1 3 ] 

C»W©**S©»«] «T«:, *#WKoc>r«MUK:tlt 

ws. 

[0014] *»n©2"; c zmx 

itmmmc z aw: J: d w^j l /c ^ >; 3 >$u&ft#> e, f# 

fc-> 'J 3 >3£SM«HEr* ->X . 4>fc < i 

6313 1 Mm&T^DSiWcfcOT. gg&^T-O . 1 m 

mfet±©feS^RS©«a* 1 0 4 tl/cm 1 fcTFT?** 

». W.WSmx-0. 1 MmfeLh©^:#3*Mot>©-C* 
•J . C©*# S<fcO /hSO^ttSStcCc /=> <ec» Ci*i 
^^Ci^Iffibfc. >>'j3>^<*SS<Df r ^' 

tzm £ <o «:* ft < se^-r * . 4>& < i h WR&mfr 

/c m J tTFr&fta lemxiemxi/i m<DW$,<£. 
XRSHlOi^-C*0. *H£©?V«-f *©**<*£#■£ 

[0015] Sfc. 3 ?><,t*&W<Dis <) 3 >i£ag#g« 
{J. Sffi®<&ctM>5C:tet,>T^& 1 x 1 0 1J a t om s 
/cm 1 HLlxiO"atoms/cm ! PJ.T. «fc*3 
JfSKfJSxio^atoms/cm 1 «±1 x 1 o 
"atoms/cm 3 JWT. 3 <~>K:«5 x 1 O 14 a t o 
ms/cm 1 Ji(±l X10" atoms/cm 1 feTF^ 

*rr*c iws u». f ') 3 ^wsstpecssR^A 
mmmshAmtb-c. M«4Kc£?^i«*3t&stf. ® 

0 ' il/ c m J feLb<OM*#Ta«I*«f8 J t , i- S<fc 5 
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&&©»£© 5 ^feTF^^S*^**. Sfi^Og 
lxi0"atoms/cm I *It?tt5 
^BftaSStirSCiJWBK. UlCatom 

<«CS. a«*>©gSR-g*rStt. S IMS (Se 

condary Ion Mass Spectros 
copy) iM<<>Z>ttlcJ:*)ffll£-Ci*Z. 
10 [0016]$ ^K^lKcfe^ttt, mil2i";3>ifi 
*#»R©fc**#«# ixio 16 atoms/cm s 
JiTF. ^KlxlO'^toms/cm' £i± 1 x l 0 
"atoms/cm' J^Tt?* 1 ), i^ntmWP^-^X 

©2 ttJ^oit^R^-rsBisflBwtcj: zmmmm 
as l fcaeswccsi— tc^-r -s <fc«is 

«t • iSf btc <fc 0 ¥f*©ftJR«IS*> 1/ < fcHBjrFH©2 « 
20 )^©!SSr^^^fi#^©itA-*Ji2sb/£,nsit^ 
C*l«fc<b^.S I MSr«iJ5e3tifc^©^ 
«tt#l x 1 0 16 a t oms/cm J *S8*Sti«I"JS 
TKOT©»^r fc* 6ft SC C©i^^tJg 

©/tRStt+^r*tj. -5-©^©r--jucj;0^{c^: 

[0017] «fc. ffiR»SAl(CJ: Dft^DtKJRtlTaft 
«. S«J5**^*>6 2 5uf{Cl6]*.-orK3RtS , S*s?lS^-r 
SSfS^*?^ fc-tt S C <b «: <fc 0 . *«*H#jfi"C^a 

|Sl^oTi^ H a B^RI©!Sd>T-5»?IK^^o< 6ft. S*g 
^ffi^6gg$0. 1 wmCCfcWSaS^SfCO. lam 

«±©i^Bf xm<Dtm®mm&B*'p>bictb'< 2 w« 

MUkWlCtottZt&tSm'C 0 . 1 v mjy±©*&fi*ni© 

ffi«afe*K^tt#H^© , «®a«>s^»«E©w^ 

KiOlI/cm' J^TiT-SC <h#r£-5„ Ctl6© 
ISS^fiS (iil/T»^Hl«J) ©S&S^ig!^S<!:. t 1 
^V^©^it^«5:?l#^iC0a<^f). S«±{Cf^ 
40 6KL/fc7 : ^^^© J ^ , ii'3^»bUrL^ i ? 0 

[0018] C<OX^tj:iyy) 3 >30g«;g«©!gj££j£ 
t ortt. C ZffiX«HtiEn»DC ZffiJCJ: 9±ifi©Sfefr 

w«c*^?g©-> >; 3 >^z9#g«£i«®-r s/c©«:a. 

1 x l0"a t oms/cm 1 «±1. 5xio"at 

oms/cm 1 lUTODmmzsmTztyjzi^mimzm 

or c z ftx»aJ«EPttic zmck*) ^fcLtcU <}^> 
*tft a* 6 ft •> 3 >^iii*»«* .looo -cw± 

50 1 3 0 0 -C« T© 1 B$FJ U±MUmT ZCtifiQ 



^(otmmmtixio-'v^*). 1x10 

"atoms/cm 1 feUb 1 . 5X10 1 'atoms/ 

xio 1 'atoms/cm 3 «± 1 X10"atoms 
/cm 3 jyT©SBR**ff0fc*Sft*WJ«L.1S*. 

c o o i 9 ] * fc. c za 4> l- < mammae zm-ct& 

a*WfiJtrSH. 5l±a«*V (mm/m i n) it. 
S/ 'J 3 61 3 00*« -ecDSSSH KfcW 43 I 

*±Cf«^|fiI©eSrtSlS«IiB©¥^)fii«:G CC/m 
m) ttStS, V/Gfii^O. 2 <mm a /'Cmi 10 
n) feLt©^©4>it?. SIS* 1 x 1 0 ,e a t oms 
/cm J fcLhl . 5xi0"at oms/cm 3 J«TS 
WTS^V=i»SlBffi«fcDWRicL/ (iiS©5l#±tf^r{3: 
Cttte?l±jlgiftl . 5 mm/m i nfcLkr, i&iltf 3 © 
^iSS^l x l o ,3 a t oms/cm 3 fcLLl x i 0 
"atoms/cm 1 {t*h£-f4) . -?-©i^S*»<=>^fi£ 
t,;MS«<*iS«*JB'v»4C4(CJ:9. HWMtKffimWi 
(DZS) ©g?3£ 1 (imahiDiKf 5Cim 
4= 

[0020] ±ia©«{ctes*{cs**^WL/fcfes 20 

4 ifi V 9 4 . $ L fc^?L^K«^FS^ m 

©tfrffi • Stti}3!)ilffiKt{C*><E)tffc«>-e©SSW!ia-'^->« 
IfiMIJCG: 9 . IfeMffiSSfe 1 2 0 0 'Cm&<DlK&&!&§i 

tc^tzv^icmtiSig-ezc ttarc*«ci>. *%i§© 30 
isyaaaatcM ur« 1000 *cw± 1300 *cwt, 
g$ 0 < « 1 100 -cizi± 1200 wFtfasra 

4. iaS*ifit,»iK3R©^*ltfiS:CC^©^Hl*Sb. 
*©tt2ftt«bMB*itt<«r.S. Sfc, 11 5 0'ClU±t? 

onBic«ttiatts» i'ae^ffi©®?sn©P4ii^ c 
^ufe^^©^*s^c^-r< asfcab. -e-©^ 

«*> 6 ©«yaffi^ra©i*SB*ia u 6 . *ta 
©jasi5H-c-c*.5ft:^(sc>sa:rj»«Hi-r5ci^M 

[0 02 1 ] */c. *j%Bj©^x^«c4B^-CF*3SB©g!^ 

gptcii52gg©yy$y>^Ji*f#oc<t*ir#-5). 

<,>fc>t9>4 1 Gr)iA|i3aoilSi6I (». 
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[002 2 ] &MagfflS4l,Ttt3i/>«m©ffi3Rig 
fc«t*$r W** «S «: fl«* S # S c i * t? * * *IW fctt 

#x ttJ©^*e«jffi^©a*-«6 1" 4 t > -5 *-c«^ •? a 
*©*s t*m&mktc 4 «t^a*p©m o &(,>©« 

[002 3 ] $ 6Cc«IBf «y8Hl«P«:fflX-r* 
^&©S*r#4RB9«6T { #g#&4C4t?*4. 

*5-x.2>?cibX'»>z>. co&icmuxi-t&mw-Q - 2 9 

7 1 5 8-srcJg*g0n,>4 4*s»jra4. CillC 
H^Rie8l*ffi«r 4 C 4 tc «fc 9 . «B©^B%©^^tt€r 
*0±W4C4*»t:#4C4*JglBL/-C*i«J, C©Sft* 

JFMMfc-S- 4 C 4 ^Ffffi-CS, 4. 

[0024] wmmtizt b-cftmm&m&eiztj: 
< . mm* o . o i v o i %jw± i o o v o 1 %y.T*§ 

tr#H^ ; &ffl^4C4 4>-C#4^. C©l«^«^ffi©f9 

we^iHBr**. mm*m&$&2>M y •> k 4 ura 

©«a%i*4»4C4*s-ClT4C4*ipfrf6ti4. S» 

e«]!ic#Hm4br«. r;u^>&4©iRgtt^x^Hgi 

*CCK3R*jg^0fc^ASfflt»6n4. ?M^$-ft4St^ 
©B4 LT«!K%^t|t l 0 0 v o 1 

X*fflt»4C4 4>oJt|-r*4. il^a*S0. 0 1 vo 1 
%*?iirc*44. »H«^^-N©*»tt£©^IK«©iB 
A?:JS^fC < g®-»i-*a«^6^< i^?:il^Si*4 
* <) v hi>m< *4. a&ftJS&©£i^EKW:. 
HtfKIMfe bfcBWt««:«fc DifSSXRS©®^, [b^x v 
5 L >i/©k'y H©J: i 5{C>i;x^SffiK^-r4/c* > ^ 

B©«w**«'i:*r*4. ^Ri 1 K ; &^(ic^-r4/c© 

CCfcm®£0. 5i*m«±WJ8rS!fiW**S. Sfc. 
ffif^SAU. 0Mmi«3^:*^4. jfiS&jrcO. 1 
ttmfeLh©tta^OB©affi3ft*l 0 4 <l/cm 3 VATX$> 

zm.mm<KMm<Dm&* 1 ym«±4-r4c 4*je»-c 

*4. 

[0025] «±©J: ^fC, MA«fiS©R«:9BR«:dW 
3 -fchfal&il **«Hl-r 4 Cite J: <0, fifcfeJ: 9 4>i&W. 
^^-^7-o-bx^©oifig14^^t^MS^fr-C. 
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^<Dmw&v*^±mma±.<oxte&i£. ©<£<*. 

[0026] 

[0 0 27] <#*M> #*0fl<!: L--C 

6. 5~8. 5xlO"atomos/em J (^-Qft 
JRffiCC«fc») J E I DAC9&||^2St£/fH>Ta<J;g) TA-o 

/c ^rti<Dm^hm4 0 k goM^i. asi 

5 5mm<Di^3 0 k gCCH">=f f h^rf^l/. pilO 10 
Q c m©*Sii.£ »fc. S^CD^DDtt -> > K - ?"© > <) a 

[002 8] 1) aE3WB*0*tft>r?l±a*lmm/ 
m i nfifiSjfl^iri&l/fc, 

[0029] 2) flCt4<OikjK4i(CfiBR«7 x 1 0 1! a 
t oms/cm' gSflOU 3l±itBn mm/m i n"C*S 
S*Wfi3EOfc. C<Di#COV/G«0. 1 5 (mm 2 / 
'Cm i n) "C*S. ttAOgXtiUK* S IMSfiSb 
fc#, SfiiMJhf (lxi0"atoms/cm 20 

iSTOSxlCatois/cm 1 <fc£co/c. 
[0 030] 3) JK**DIHifttfiCcra& 5 x 1 0 ,6 a 
t oms/cm' SSflDL-, 3l-hjUS£l mm/m i n"C|g 
g*W/&bfc. C©<fc£©V/G(;t0. 1 5 (mm 1 / 
•Cm i n) -C**. IIJfcDfiBtttft* S I M S "CS!l3c 0 
fc#. M3g{J*ltiiS nt* ( 1 x l 0 I4 a t oms/cm 

lill^HCijSH x l o l, a t om s/cm' tteitc. 
[0 03 1] 4) JB»4®lBi«*KaQR*3 x l 0 ,7 a 30 
t oms/cm 3 8SflDb. 3l_hilfil mm/m i n"Cli 
»*W«80fc. C<D£t©V/G-«:0. 15 (mm 2 / 
•Cmi n) -C*S. ¥ffiffi#r{Mfca>6^©?£££itl¥ 
T&<b, M^K^ZxiCatoms/cm 1 ttt 

F U-^Jl/CO 2««±©?SS-C^B'Te<)^M 1 ^lt-^©±f A# 

[0 03 2] 5) /a*4©at«[tf «c^*«r 5 x l 0"a 
toms/cm 1 ML. ?l±ISl mm/m i ntS 40 
HfctJ&Lfc. C©<bS©V/Gtt0. 1 5 (mm' / 
"Cm i n) £A<Z)9BR*iI&£ S 1 MS-CfflSb 

fctt*. ^^©Mglaggteift 5X10" atoms/ 
cm 1 -C*-3/c. £/cC©S I MSS'JJg©!'!?. ¥*W«c 
SBR©flrecc»l/'C. 2«tLh«:JHBfWCClfllir4SBR 
i§S©ifA#i2«>*>ftfc. 

[0033] 6 ) u?M<Dmm<p<icm.mz 5 x l 0" a 

t oms/cm' SSfiDL', 3Ubj£8£2 mm/m i n"Cli 
S*WfiSLA:. C<D<t#©V/G«0. 3 (mm' /'C 
m i n ) *§H©gffi?£a£S I M S VMfeLtc 50 
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t&m. ^B^oy^wmtmz xio*'at o ms /c 

m 1 V$>-3tc. $ fcC COS I MS'fliJScOBg. ^-SlW&g. 
g©ifA-*'Ig*66>tt/c., 

[0 0 34] 7) JKH0RtiK't>(C&jR& 5 x l 0 ia a 
toms/cm' ijmU ?l±Ml mm/ml ntfe 
HSrW^b/c. t©<fci*©V/G«0. 15 (mm' / 
"Cm i n) -CHbZ>. ISSCQgjRigKSr S I MSrffil 
fcli*. tSgtfOgJRigaWtfJ 5X10" atoms/ 
cm' rfcofc. titCCOS I MS$J5£©Rg. ¥$fl*J& 

[003 5] 8) »|sj©18jStt>(ca3R42x l o l, a 
t oms/cm 1 ^JDb, ^Lbi&g 1 mm/m i n "CS 
AS W& L fc. jfrfttAtftf ft btcifi, A > =f » h © 
±»*6fc«tfc©<M*A#«6*ifc. iSS©^3RigS* 
S I MS-CWei,fcl6*. l£A r J'©g3BiSK«:ifc 1 . 5 
XI 0 1 'atoms/cm 5 -C$>o/c. $/cC©S I M 

»»f ittfcif finf *goftttX®Jtt*#!8ac> 6 tilt. 

[0036] W±©£*£&*6ftaXL/c9x^©COP 
[0037] (HJSfll 1 ) ##C&J5 ) *» J:tf##ff|7 ) 

0 O'C-e^rtKUfAL. Jf A« l 0'C/m i nt^SL 

1 1 00'C-C8mSUftl,td&. -10'C/minTK 
iSL/800 "CCS^^BXO tBLfc. ^MlI(Cfl3tifc*fX 

t^c. #^*©WSSStt5 p pmHTt*r>fc. C 
SS©#AB#«: BjIPHtrccSW 6 n/c^- - y # y V 7. (c J: 
W^5 p p m«T©r^^>#fflm^o/£:C <h*fi| 

[0038] mmwvmxm. ^^(rmmsmt. m 

a toms/cm' T&itc, 

[0039] ism©s«^i©d zmco&nzmm 
t5fe»K. SS«a©S»*»ffi«: iooo -c©n:^ 

5 n m©K-ftJ@*^fiSL t ^{b©B)£5r 
BtE»JS«:flai,>^:«ffi«2 0mm' ©*?';-> 

3 CC^-T. Mo 0 p©S!l^*^-r 8 M V«±©WEE*mO fc 
t*bl9>£C*- K«[«*^L/fci?{tje©S!l^«9 9%<b 

m&<D2 0%«chb^A«l^^*S52i*6n/c„ *fe«JE 
aiiftl 0 OmATl lMV«±©Wff*7SL./cfc©©S(I 
^«9 5%-C*o)fc 0 

[0040] $ ^mmkmmox^s.^m^htcib. 



(7) 

n 

mx^>^U CCDBRCCi«JDL//cfi:{5«S»0. 1 urn 
W±<DCOP<D»cfcO^PSS?a*^ttJOfCo JSX£«2 
CCinTo &^&<P3iffiOCOPffifi«l 4ffl/?x^ 
r&O, #30. ll/cm J r*r>/c. 36CCT>*:x 
TjfiKit*«**i5fe^%«l9iILrfcCOP<D»«l 4fl 

(Dttfrh, ataftgro. 1 m m«±(OigH^XR§(DS? 

S(*10 3 I/cm 1 ^tASCiiWbfr^fe, 10 

H±ocoPtt2 oiz-j^rt^fc^ t>*~t 

ii»{l**^**»tlig-rci«cJ:OiRffi*0. 1/i 
mX^>^'L/cK0. 1 /imfel±OCOP*i(ISf 

©*SfiX«©«I£«W3x 1 0 3 fl/cm 3 r&ofc. 
[ 0 0 4 2 ] C <7> 1 u mfg 0 /ttKJBWM-f bJRWE* 

^«95%<t9 9%r&9, fl)IIiSl0 0mAri 1 
MV^(DWBE*iS0yfcfe(D<0SU^«^"S"tifc9 2%T' 

[0 04 3] 3 6<caS(r»iC60COPOflfK*aH5e-r 
£fc»CC3 5>«: 2 /im^ffiSF^£?Tl> (7M>*Bff*>6it 
3am), 0. 1 Mm«±cDCOP(DffiS^itf^-r€>i 

OP*i»J3e-r4<!:©7 0ffl/^x^*-5fc. COCi 30 
#>&«ffiT 3 m mCDm.W&n'V 0 . 1/i m£t±©ISa^ 
B(DeS«3 x l OWcm 1 6 ft*:. 

[0044] mw*u^<Dommm.*w£.-r s/c^tc. 

um^h©*PBO«««rilSU^:iC5 7 x 1 0 6 {I/ 
cm J T&D, 0. 1 am«±<D^I8*flE»S6ec3K 

saeai o 3 ra/cm 3 *«r**c&3&»6. s«rtsu 

[0 04 5 ] ttfc; C0"5^M3:, »firtaHC*H>Tfc 40 

§Hi«B»a)ai«o^iB*iw>6tir, HAftac^ya 

[0 04 6] (HttM2> #*W6) ©-5x^«r*ai8 
*^<0fflRi«a[*«SUfciC5»5x 1 0 14 a t om 

[0047] naucik«B«fT o/c^^©»o . 

1 um«±<DCOPftMeL3fc («2) iC5 1 2ffl/ 50 
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>*-Ti4M^fc**7ki5fe»*aOigL/. SffiiO. 1/i 

St®<Dtt&Sli?-e 0 . la m«±OM B B B ^PS<OffiS« 1 
xlO 3 fl/cm 3 *it*5CiA**^,&, 
[0048 ] XtfeM 1 i|Hl«(C^®aMcD^blS»E4 
t8^fc(§l3) <LC5. *J5E«8El aAT8MV£Lt<D 

id#^9 9%r*o. mewki 0 0m ATI 1 MVa 

[0 04 9] CO^x^xDDZBrtOj^RSOffiKiiB^ 

C®S«(D*ffl*«ffiWSCCJ:J3 1 umWm 
U COP©«ffi*fTofc. «BmWfiacctt0. Um 

uutocoptti oi/»)x^r*-jW T>^ex7 
awt***ife»«riii o c ± «c <fc o «® * o . u 

mX7f>yi/cg0. Umai©COP41!Et5 
<h 1 OI/'Jxm-C*^ 1 MmG>«ttrfcflttaft 
SrO. 1/i m«±0$g a B B ^R|(OSg« 1 x l 0 3 «/ 
cm 3 ^fi§~C&-?/c 0 

[0050] la mif*^r©WIJWEtB^fc 
<tC3, IKlffil m AT?8MVJ£LJb<7)*^9 9%V 
MSSiftl 0 0mA "CI 1 MVja±CDBJE$r^U 

^«>©(D9i«&tt9 5°/or*o/c 0 ccDttfrh. mm 

[005 1 ] 3^, DZrt»©«6(0tt«*H^Sfc 
50CC«®WS^ J: 0 £ 6CC 2 m m <«0J<Z5«B<fc 03m 
m) VUHftCDO. 1 /im«JtG>COP*iMj£ 

*K««i2 Il/»5x;^ft0. IMffTO. 1 
umJ£Lb©»ft5«l©ffia«3 x 1 0 3 i/cm 3 <fcj& 

m& htxtc. t tcMitmwiEEcomtevmmm 1 u av s 

MV&±<D&&&9 1 0 0 mAt 

1 lMV«±©iHff**Lfcfc©©«^tt9 0%r*o 

CD? l±affl[*fl[«)S c £ fc J: 0 *ffl* 6 J: 0 i£< 
S tf * C £ #r * 5 C £ 3 ft/c 0 

[0052] *«rt»r©^B***«s-r 4fc*«c, 

//m«±(D^RI<DS?S^S'JSL/c4C5 9x 1 0*«/ 
cm 3 r&0, 0. 1 /zm«±<D^H«fi«S6tc3K 
ca>S«0«H**6ai3 0. 1 umCCtoWSftPB 

[005 3 1 tt*J. CO-Jx^lt 1 <b|5]^iCS 

fcftmc c » r t sis 5^rs^<d ^ijacD^PS 1 12^ 6 n 

[0054] (#*«9> #*«6) <3D«r»^6f¥fiSU 
fc^'J=>>S«*8 0 0-C-Ci^rttC#AL, *PA»10 
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'C/m i n-C^iSU 1 1 0 O'CT? 8&ffflm&Ltdk. - 
1 0 'C/m i n -CB&S 18 00 'CVm&ZW. 9 fcB L/c. 

^^^©^ig&fcl^&tKJ 1 (b|3]^fca'J5eL./ci 
C •S*^ 5 x 1 0" a t om s/c m J t?feofc. 

c o o 5 5 ] mfem&<D&m&&<DD znaAK&mi 

(S3) iC5, uAT«8MVJ«±©WBE 
0 fcttett 9 0 <5 , &fe ft 1 cce*H©*»{k 10 

S$l 0 OmATl lMVRfc©WEE*^Lfc4>©ttl 

C005 6]^ffi^©0. 1 um«±©COP€:i!i'< 
-5 /c*CC . %tb r ±1 2 £ n 0 mSMZ'n r> fc*«'>S:fBdi 
L-fco Ml«©«I©COPSSBft6 0 0 0«/f 
i^r*9. 4 0lS/cm' T*-?*:. 3 T>* 
-T ifSBtf b*3R*8E^*ai OiSf C £ K J: t) Sffifc 0 . 

lKmii>f>yWc<!)^0. 1 /im«±©COP€rl'J 
€UrtCOP©iWn»W*©l5Hl*9-C*f5. 20 
&riSbTt>5 £:£/?. 6*1-5 *>©©. ^ 1 3iSLi5fe^H«'r- 
fcffSEUri^c6 0 0 0<l/-f x^©COP©/c*fCiE 

«s& c o p fl£Kfae**«>-5 cittr* o yt. 

[0057] C©£ 9KBWR**tJ*H*-C flMSMtt 

[0 05 8] (USSft 3 ) #*W9 r»6tifc«E«:-3 
or. SM©^RUS?raSl f 3^< fcfe&affll&S®* 1 u 

/imJiLh©COP«l 4<i/^x^r-*0, #J0. Ill 30 

/cm' S6JCT>*-rjfiK'fb**7k!5fejt 

*mwicwk*)&\sxcop<ofcmmm.&mM-?z>t 1 x 

10' fl/cm' -C^-ofc (S2) . lwmW^ft©^ 
i/>Kftiflj{0fciMlJI©S*ff*W^fc <*3> iC5. 
*lJ3e«SE 1 y A-C©8MVfel±©gd^9 5%. 10 0 
mA-Cl 1 MVJil±©*>©*59 0%T*-d/c„ 

[0059] c©^©* i u mmmi'tc&m.om^yj 

fiKDXf&ftiaZffl^Ztcib. £6(c, SS£ 1 umilJJD 
ftf^fccftofc (&te®ii5©g«Slp!>>6-£ff-2 <zm 
©ifg) . C©g«©fiS&#-e0. lymtt±©*S#l 40 

xm<Dm&i 7 =. r mm t*mfc<D& o it l 

«fcOS'JS-r-5i. 9X1 0 J ll/cm' r&^fc. &{b 
©©Wa^iS^fciC*,, tV&Kiftl ttA-C©8MV« 
Jb©t(!£#90%. lOOmAtl lMVy±©tO*i 
8 5%T?&-,tc. 

[0060] a(B*3»r©45««flE«raB!E"r *fc»tc. 
^^h*^77icj:0 St£'S<* , 4''i>©iS&&l|-C 0 . 2 
wmfe<±©^ll©ffifi£!9JSt/fc<tC39 x 1 O'fl/ 
cm'-C&'O. 0. 1 wmJWJi©^RSSSa«$6{c^< 

C©S«©SB*6ai3 0. 1 wmec*»C-f 5^RS 50 
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eg@frtlxl0 J fi/cm 3 -C*5c£*i6. g&rtSG 
CCtb^ 1 %«T©^PiffiS-C* 5 C t M*>iP tc. 

[006 1] «±©e**>6. HMMMSOfi^fcl a 
m5fgLTS®©COP£l££T-5C£' < C e fc9. StUSs 
ff-C 0 . U m&Lk<DfeS,X.ffi<D&&& 1X10* fi/ 
cm 3 «T^*£&^RBJI©8?i**U amgLh-CfeS0 
x^tfiWC # -5 C t ifit>*> o te. 

[0 06 2] &*s. c©^x^&. atsrtgpicteura 
eXRg^©»'J«©XRS «>b*> 6 nr. vaittt *>•/=»:/ 

[0 06 3] 0) ^JSfil3©*S*^6(Cl 

itmifg (S&^HM©S«Sm*>6 3 urn) ?£. FMSSCC 

esjgsn-c o . i u m j^±©^H H B ^iiii©sis*iys-r -5 

£7X10' (1/cm 1 -C&D (S2). K-fb^WE« 
*>Jje«SfE UAt©8 M V «±©f j^Jii 7 5%. 100 
mA-Cl lMV!U±©fe©^3 0%r*'3 (S3) . 33 

[0064] ( vcssm i ) ##fi»j©es©K-fbjg»)i© 

[006 5] (tb*5^2 ) 1 ) . 2 ) ©*SHiC# 

brlDSSWI 1 ©ijl!!i4!Tl>, SffiRO'gfiS 1 urn, 3 
wm©C O P«/^OWfcTOE©»ffiLfttfS*** 
5. 6(c^T. "v»rti©*|-&fc*S 1 nmt©t»I 

■co . in mfe , i ±©*iftXPi©«s*« i x i o 4 m/ c 

m 1 ^CxtfeO. SEJtll^fcKWBEWfitfeSlBttWKJt^ 

[006 6] ( mm 3 ) ##^"J 8 ) ©*SilK:*f 
Wl ©I^S^tfC 1 . Sffi&t>'8t$ 1 urn. 3 ym©C 

o p wiLRxym wskmoms. o fc«*4 s 5, 6ks 
■r. mmkn-c o . u m«±©c o p^sjj*^© 
SBfflr* 9 . s fcussw i k < 6^^bKWEEt atam 

^•C*-d/c4>©©. ^rtgBK^U/cifiS^Jl Oum 
©W/l^RS^S^rtSP^^SMS-c^^tfiu-rc^r. S 
RSffltC*jW 5 SS&lt 0 . 1 u m)&±.Ot&$&M<DW 

0. 1 am«±©^ B 1^RB©#a®a£bTtt5 x 1 0 
4 ffl/cm 3 £&0, *<T>^W<mZU\,*W& 

[0 06 7] (SUSW4) #^0iJ3) . 4)©ttS«rH 
JfeflllWi^Ma^fOi, 1 dm, 3 ym© 

co p®mRvm{tmmE.vwm.Mci&Mki&7 . 8 cc 
^©aweftt'fei'Jjei/fcjw. #^«3) . 4) n-rn 

©iBSfc. S3fS©l£fi«-C#&^o/c. G^U^C^6. 

? VI, K©A4HftlS© 2 fS«±©<i#§$Sr^ 
^©SBTWifeff #©Jf^*iiS«) 6 ft/c. 

[0 06 8] 

[SI ] 



(9) 



15 
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1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


A 


2 0 0 0 


2 0 0 0 


2 0 0 0 


10 0 0 


0 


0 


0 


0 


B 


4 0 0 0 


40 0 0 


4 0 0 0 


5 0 0 0 


6 0 0 0 


8 0 0 0 


6 0 0 0 


6 0 0 0 



AI37 >^=7«teMMc<DH D «U*»*fr5 «f€DCOPBI*. 
0,lMm<7)X-;^>^*ff^feaoCOPfa» 

[0069 ] *10* [*2] 





«1M1 




mmM2 






5) 


7) 


6) 


6) 


1 ^® 


<lE+03 


<lE+03 


<1 E + 0 3 




1 fimWS 


3E+03 


3E+03 


<lE+03 


1E+03 


3 jctmifS 


3E + 04 


3E+04 


3E+03 


r 7E+05 



(7 e + o 5) \z&mm \ o 



[0070 ] * 58 [*3] 











mm\2 








5) 


7) 


6) 


6) 




1 m A 


9 9 


9 9 


9 9 


9 0 




1 0 0mA 


9 5 


9 5 


9 5 


1 7 


1 MmWJB 


1 mA 


9 5 


9 9 


9 9 


9 5 




1 0 0mA 


9 2 


9 2 


9 5 


9 0 


3 /imfg 


1 \i A 


9 0 


9 5 


9 5 


7 5 




1 0 0 mA 


8 0 


8 5 


9 0 


3 0 



[0 07 1 ] ★SO* [&4] 





1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


A 


2 3 


2 3 


2 0 


1 0 


0 


0 


0 


0 


B 


8 


8 


0 


0 


0 


0 


0 


0 



[0072 ] tfr *"[*5] 

tbtefr)2, 3g30.1fj.mU±<OCOPgaflB/cm 3 ) 







it«5«2 


ft**#J3 




i) 


2) 


8) 


ass 


<1 E + 0 3 


<1 E+0 3 


<1 E + 0 3 


1 ^m$fi 


3E+0 5 


3E+05 


5E+03 


3 /im»B 


3E+0 5 


3E + 05 


5E+04 



[0073] 



[*6] 
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17 18 









Jt**#J2 








1) 


2) 


5) 




1 uA 


9 5 


9 9 


9 9 




1 0 0 mA 


9 2 


9 5 


9 5 


i iLirmm 


IMA 


7 5 


7 5 


9 0 




1 0 0mA 


1 7 


1 7 


8 0 


3 xim5f» 


1 uA 


3 2 


32 


9 0 




1 0 0mA 


1 3 


1 3 


8 0 



[0074] * [0075] 

[«7] C*8] 





£»«4 


SEB0I4 




3) 


4) 




<lE+03 


<1 E + 0 3 




1E + 04 


5E+03 


3 wmf* 


5E+04 


3E + 04 







*SS«4 


%&0i4 






3) 


4) 


*■ 


1 mA 


9 5 


9 9 




1 0 0mA 


9 2 


95 


1 /imSfB 


1 MA 


9 0 


9 2 




1 0 0mA 


8 5 


9 0 


3 wmil 


I uA 


7 0 , 


9 0 




1 0 0mA 


6 0 


8 0 



[0 07 6] 

^©filltefcflS 7*/W ^JS^n-fe^iCtett- 

UTS. *• 



5« [0 07 7] £tc. *^<Dis V ^ymtm&OMti 
< SSJiSlT -5 £ <t # ojfig £ t£ tc. 
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:&&mm ] ftfr&m u&vz <ommc j: stsiE<os*s 

C^?7B] 4f 1^23B (200 2. 1. 2 3) 

**§32 000-26196 (P2000-26196A) 
t&BB]?«12f 1A25B (200 0. 1. 2 5) 
[*pa*H»] 12-262 
CmSBS#] *»PP1 1 -8 4 9-1 5 

H05K 9/00 



B32B 15/06 
C09J 9/02 
11/04 
11/06 
109/02 
121/00 
161/06 
C30B 29/06 



502 



33/02 
H01L 21/208 
21/322 

CF I 3 

H05K 9/00 W 
R 

B32B 15/06 Z 
C093 9/02 
11/04 
11/06 
109/02 
C30B 29/06 A 
502 H 

33/02 

H01L 21/208 P 
21/322 Y 



[StBB] ¥*Rl 3¥6^7B (200 1. 6. 7) 
[#MKE1] 

7;u**-&cc <fc 0 W/SO/cV y avJWWlfrfcfWfc^ 
* i Mm*"C<o«««c*$c*r, esaftfltro. lunik* 

-fig 1 



S3Rd»«#l x l 0 13 a t oms/cm J ail x l 
0 16 a t oms/cm 3 «T"C^)^if3}c^lfei2cD^y 

[ »*Jg 3 ] a >¥aS#36«<DgSR#WS# i x 

10 l6 atoms/cm 3 «Ki^ JkoRSfficp* 

fflRSWSa* lxiO n atoms/c m 3 «Jb 1 x l 



^2000-26196 



0 16 a t oms/cm'JilTr*^). ^fegtS+^n 

5)vx*-mcjz*)ffi£Ltcis y a >mmgk frame's 

y 3 >*^#»«-C Sit, £«JV» ^ESc |Sl 

totf SfifflftflfC 0 . Id m«±CMS«^B<01ffl«K*« 
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